Abstract-In the cognitive radio network, when the primary user doesn't use its licensed spectrum, the secondary user can access the spectrum hole opportunistically to share the spectrum. However, if the secondary user's behaviors cause collisions with the primary user in spectrum band, which may lead to a decline of primary user's QoS, the initiative of the primary user to participate in spectrum sharing will be seriously affected. The development and promotion of cognitive radio technology will be hindered once lack the primary user's support. In our scene, in order to reduce the impact of collisions with the primary user, before the secondary user access the spectrum, spectrum sensing must be used to make sure the primary user is not using it. However, most studies about the pricing framework are based on perfect sensing. But in practical network, the result of the spectrum sensing is likely to be wrong. And the probability of sensing errors is affected by the sensing time. In our algorithm, it is taken into account that once sensing errors happen and result in collisions, the secondary user should compensate for the primary user's losses. Therefore, in this paper, we discuss the selection of the sensing time in a cognitive cycle, aiming at optimizing the secondary user's revenue based on price compensation for collision. The signal is transmitted by a frame and a frame. So we divide the spectrum usage time into cognitive cycles, which greatly reduces the complexity of the algorithm. Eventually we calculate the optimal sensing time to make the secondary user's revenue maximized.
I. INTRODUCTION
In cognitive radio networks, a primary user (PU) can transfer data in its licensed spectrum band. It is legal for it to using spectrum without affected by any other unlicensed user. However, the secondary user (SU) has no spectrum license. Therefore, if a secondary user (SU) wants to transfer data, it must share the spectrum band with the licensed PU without interfering with the PU.
In cognitive radio networks, a variety of dynamic spectrum access ways are probably divided into three categories models: dynamic exclusive use model, open sharing model, and hierarchical access model. In hierarchical access model, two approaches to spectrum sharing between primary and secondary users have been considered: spectrum Underlay model and spectrum Overlay model. [1] When the system is operating in the spectrum Underlay mode, it allows the PU and the SU to transmit data simultaneously in the same band. But the interference between the PU and the SU must be below a certain threshold, the threshold is called interference temperature [2] .
In the Overlay model, the PU and the SU are not allowed to transmit data simultaneously in the same band. When the PU doesn't operate in licensed spectrum band, the SU is allowed to operate in the unlicensed spectrum. Therefore, the SU must sense the radio spectrum environment on a regular basis. When the spectrum isn't being used, it can opportunistically transfer data over the spectrum holes left available by the PU, and avoiding collision with active PU. [3] In this paper, we discuss the issue in the Overlay mode. In our scenario, the SU opportunistically access PUs' spectrum only when the PU is not using the spectrum.
The development of cognitive radio technology needs the support of the PU. There is a useful tool to solve this problem, named spectrum trading. In spectrum trading process, pricing framework is a key issue of interests to both primary and secondary users. [3] Therefore, spectrum pricing framework has become a hot issue.
In [4] and [5] , the authors establish a spectrum trading market, PUs compete with each other and adjust prices according to supply and demand. In [6] , in order to maximize spectral efficiency, the authors increase the above-mentioned spectrum market and develop a new utility function.
However, most of the spectrum pricing frameworks assume that the spectrum sensing is perfect, the SU only needs to pay the cost of leasing spectrum to the PU. And it ignores the impact on PUs' revenue caused by the error in sensing and the collision between the PU and the SU. In the actual scenario, errors may occur in spectrum sensing. The error can result in a collision between the PU and the SU, which will cause a loss of interests of the PU. So we consider improving the pricing framework to compensate the PU for its loss.
Therefore, in this paper, it is considered that the collisions due to the error in sensing have an influence on the pricing framework. And it makes the scene more reasonable.
Scholars have also carried out extensive research about the spectrum sensing. In [7] , the authors discuss the calculation International Conference on Computer Science and Electronic Technology (CSET 2016) method of error probability in the energy detection process in detail. In [8] and [9] , the authors consider the SU is allowed to use the spectrum band only when it is not used by the PU. So periodically spectrum sensing is needed. It focuses on the relationship between the detection time and channel efficiency and the throughput of the secondary network. In our model, we study the sensing time's impact on SU's final revenue, considering the length of the spectrum sensing can affect the probability of error. And the pricing framework is based on the compensation to the collision.
Under the established pricing framework, the SU's behavior will affect its own revenue. In [10] , the authors provide a self-enforcing spectrum sharing game. And SUs improve their long-term profits by creating cooperation actively.
In [11] , the ON / OFF state of the PU is a random process and appears alternately. The duration of occupying channel and exiting channel obey index distribution. The author studies optimal time of a cognitive cycle which makes SU's revenue maximized. In this paper, the channel utilization time is divided into cognitive cycles. And finally SU's revenue is due to the probability of sensing error, not to the influence of the duration of occupying channel and exiting channel of the PU. Thus, the model has been greatly simplified and the complexity of the algorithm is greatly reduced. Besides, the algorithm also makes the scene more realistic by defining the objective function is the allocation of sensing time and transmission time within a determined period.
We consider the optimization of SU's revenue based on price compensation for collision. In practice, the signal is transmitted by a frame and a frame. The channel utilization time is divided into cognitive cycles. In each cognitive cycle, spectrum sensing is conducted in the front part of the time and after that the SU can transfer data. Once the sensing error and spectrum collision happens, the SU should compensate the PU. The greater the probability of sensing errors, the more amount of compensation should be paid. The time of spectrum sensing will affect the probability of error and affect the amount of compensation for the PU, finally affect the SU's revenue. Thus, in a cognitive cycle, the allocation of sensing time and transmission time will affect the SU's final revenue. This paper based on price compensation for collision, discusses the optimal sensing time to maximize SU's total revenue. The channel utilization time is divided into cognitive cycles, which makes the complexity of the algorithm greatly reduced. Besides, the algorithm also makes the scene more realistic by defining the objective function is the allocation of sensing time and transmission time within a determined period.
Our major contributions are as follows:
1. Take the compensation for PU into consideration when the spectrum collision happens. Introduce the scenario of wrong sensing result into pricing framework, making the pricing framework more reasonable and practical.
2. Take the real condition into consideration in which signal is transmitted on a frame-by-frame basis and simplify the model to a time allocating problem of the sensing time and transmission time in a cognitive cycle. Eventually, the SU's revenue is depended on the probability of sensing error caused by different sensing time. And it has nothing to do with the length of time whether PU is occupying the channel or is not in the channel. As a result, the model is significantly simplified.
3. Starting from SU's point of view, we study the allocation of spectrum sensing time for SU to reach its maximum revenue based on price compensation for collision The rest of the paper is arranged as follows:
The second part is an introduction of the system model and hypothesis. The specific logic and formulas are presented in the third part. The fourth part presents the simulation result and the effect of some parameters on the objective function. In the last part, we draw the final conclusion.
II. SYSTEM MODEL We now detail the system model. In a cognitive radio spectrum sharing network, the PU leases its spectrum to the SU. We assume that there exists a relationship of leasing spectrum only between a single PU and a single SU. Our scenario model is the Overlay model, in which the SU periodically senses spectrum and detects the PU's spectrum occupancy. If the SU finds a spectrum hole, the SU will access it. The SU avoids collisions with the PU who is in the process of using the spectrum through sensing-transmission strategy. In other words, in our scene only when the SU senses the PU not to use its spectrum, can the SU has a chance to access it.
In the communication system, the signal is transmitted by a frame and a frame. Therefore, spectrum sensing of the SU can be conducted on the cognitive cycle for the unit. Therefore, we assume that the time of a cognitive cycle is T, which the first time t for spectrum sensing, the rest of the T-t time for data transmission (Fig.1) . In the actual process, if the sensing time t is too short, the probability of spectrum sensing error will be greater and the possibility of the collision between the PU and the SU will also be greater, thus, the compensation for collisions costs will be greater. On the other hand, if t is too long, although the probability of sensing errors will drop, the SU's throughput is reduced. Thus, the proportion of sensing time needs to be determined according to the revenue. We assume that the signal H 0 indicates the PU doesn't send a signal which means the spectrum is not being used. Meanwhile, the signal H 1 represents that the PU is using the
sensing, a collision will occur when the SU access the spectrum. Therefore, in this algorithm, the SU not only has to pay the cost of leasing the spectrum, but also needs to pay compensation for the cost of causing collision with the PU. If the SU causes collision with the PU, it needs to compensate for the additional costs C CC . Thus, the cost C of the SU to lease the PU's spectrum is divided into two parts: the cost C A to access the spectrum, which is a fixed value; the additional cost C CC to compensate the loss of the PU for the collision caused by the SU, which is related to the accuracy and the time of spectrum sensing. Consequently, the total cost of the SU to lease the PU's spectrum is
III. ALGORITHM
A. Collision compensation
The SU accesses channel when the sensing result is that the PU is not use the spectrum. Unfortunately, the actual spectrum sensing is not fully ideal. For the case when the PU is using its licensed spectrum while the error happens in the SU's spectrum sensing. As a result, the access of SU will cause collision with the PU. The collision will make the PU suffer loss and the loss will result in the SU's total revenue reduced as a punishment. The loss caused by collision is [11] :
Therefore, we define the compensation cost is:
Where, P R is the transmission rate of the PU when it occupies spectrum alone, SP R is the transmission rate of the PU when it suffers from SU's collision, CC θ is a "price-loss" conversion ratio associated with the utilization of the current spectrum, 1 ( ) t Φ is the probability of collision and α is the compensation factor which is set referring to the impact caused by interference. When α is bigger, it denotes the cost in collision greater and the SU has to spend longer sensing time t to improve accuracy.
In the paper[12],the author studies optimal time of a cognitive cycle which makes SU's revenue maximized based on price compensation for collision. And the ON / OFF state of the PU is a random process and appears alternately because the channel utilization time is not divided into cognitive cycles. And we simplify the scene and set the independent variable more reasonable.
In the process of spectrum sensing, the energy of sample signal detected by the SU is 
in which i x is transmission signal and h is fixed channel gain. There we set a threshold η , if P η ≥ , it means the PU is using the spectrum. And this situation is represented by H 1 . On the other hand, if P η < , it means the spectrum is not used. And this situation is represented by H 0 . To simplify the algorithm we assume the time of a cognitive cycle T submitting to Gaussian distribution. The signal Pd represents the probability of the SU sensing the PU is using the spectrum and actually it is correct. And the false-alarm probability P f represents the probability of SU sensing the PU is using the spectrum while actually it is false. Thus they are given by:
B. Utility function of SU The revenue SU gets from leasing spectrum is the data transmission revenue minus the costs which including fixes access costs A C and collision compensation costs CC C . The general revenue is given by:
Where, GI θ is a "price-transfer volume" conversion ratio,
Rs is the transmission rate of the SU when it leases and occupies spectrum alone and PS R is the transmission rate of the SU when it have collision with the PU. The signal 1-P f (t) represents the probability of the SU sensing the PU not using spectrum and actually correct. And in this situation, the SU can occupy spectrum alone for data transmission without collision with the PU. The signal 1-P d (t) represents the probability of the SU sensing the PU not using spectrum but actually false. And in this situation, the SU sharing the spectrum with the PU and transmitting data at a relatively low rate.
Thus, the total revenue of the SU is: 
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It can figure out the optimization sensing time t for maximizing the total revenue of the SU through calculating:
However, it is a transcendental equation and can't be solved directly. So we obtain the numerical solution of the transcendental equation.
As the picture Fig.2 shows, general transmission power of a SU or a PU is under 36 dBm. In the case of T is 100ms we make the simulation of SU's revenue changing with sensing time . We can acquire the optimal at 32ms. 
C. Algorithm analysis
In the algorithm, the final revenue of the SU is merely relevant to the false probability of sensing and not caring about how long the PU access or release the channel, so we simplify the model greatly. Apparently, the time of sensing makes a difference to system average throughput directly. The SU will not transmit data in sensing time. And if the sensing time is too long, it would reduce the utilization of the SU while too short it would increase the probability of sensing error and cause collisions between SU and PU. Finally, through the game we get optimal sensing time to maximize the revenue of the SU based on price compensation for collision.
IV. SIMULATION RESULTS
In the simulation, we specify a certain channel in a cognitive network model and analysis the effect of the strategy. It's assumed that the PU's and SU's common transmission power are both limited to 36 dBm and the time of a cognitive cycle is T=100ms. And the channel noise is white Gaussian noise.
The curve in Fig. 2 shows SU's effectiveness with the perception time. The compensation factor α is set to 1.05. In the simulation, we have taken 100 sampling points in the unit length of sensing and calculated the average utility of the 100 samples. It can be seen from the statistical results as is shown in Fig. 2 , the SU's revenue change with the sensing time is a unimodal distribution, and the optimal solution is reached at t = 32ms.
It can be seen from the figure that when the spectrum sensing time is very short, the probability of sensing errors is high, thus the compensation for the collision with the PU is great, which makes the total revenue negative. When the spectrum sensing time is very long and the SU's transmission time is short, consequently less profit of transmission will be obtained, therefore the total revenue will also be negative. In the process of increasing the sensing time, the SU's revenue from data transferring gradually reduces, because the compensation costs due to collisions gradually reduced. The total revenue first increased then declined, eventually reached the optimum at t=32ms.
Afterwards, we analyzed the influence of several parameters in the formulas on the objective function. In Fig. 3 , the three curves show the SU's revenue when the compensation factor is set to different values. Compensation factor represents the PU's endurance with the length of collision time (BER, packet loss rate and retransmit rate, etc.). In the situation of α=1.05, the optimal sensing time is t1=32ms. In the situation of α=1.055, the optimal sensing time is t2=38ms. In the situation of α=1.06, the optimal sensing time is t3=43ms. As the increase of compensation factor, longer sensing time will result in the smaller compensation cost, optimal sensing time increases as compensation factor increases. The three curves above shows the SU's revenue changes with the variation of sensing time when the price-loss rate is set to different values, indicating PU's preference on this kind of collision compensation is relevant to PU's utility rate on the channel. In the situation of θ= 0.1, the optimal sensing time is t1=32ms. In the situation of θ= 0.2, the optimal sensing time is t2=43ms. In the situation of θ= 0.3, the optimal sensing time is t3=50ms. As the price-loss transmission rate increases, shorter sensing time will increase the possibility of wrong sensing result, while the compensation cost increases. The optimal sensing time increases as the transmission rate increases.
At last, we compared PU's revenue variations when collision compensation is introduced into the question. In Fig. 5 , the two curves show the revenue of PU's after collision compensation is introduced. It can be seen that PU's revenue increases on the whole, which is important to the PU's willingness to participate in CR's development. What's more, the longer the sensing time, the smaller the possibility of wrong sensing result, also the smaller the loss it causes PU. Therefore, after the introduction of collision compensation, PU's revenue declines as sensing time increases.
V. CONCLUSIONS
In this paper, we discuss the optimization of SU's revenue based on price compensation for collision. In this system, when it senses that the PU does not use its spectrum, the SU can access to the spectrum.
In our scene, the SU is not allowed to transmit data within the sensing time, thus, testing for too long will lead to the SU's transmission time reduced and decline in revenue. If sensing time is too short, the sensing error rate will be increased, resulting in the collision between the PU and the SU. In the end, by the game, we get the optimal result of sensing time allocation which makes the SU's revenue maximum in the collision compensation mechanism. And this algorithm takes into account the compensation for the impact of spectrum collision. What's more, the effects of sensing errors will be introduced into the pricing mechanism, which is helpful to make pricing more in line with reality, and improve the PU's participation enthusiasm to share spectrum. We use the cycle sensing mechanism that in every fixed period the SU conducts a test of the spectrum, which has increased the utility in the field of communications. Moreover, since the SU's final profit is only related to different error rate due to different sensing time, and unrelated to the influence of the time when the PU occupies and exits channel, so that the model has been greatly simplified.
